- (12) INTERNATIONAL AFPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organia^tipn 
International Bureau 



liiillllllliillllllllllllliiillilllllllllli 



(43) International Publication Date 
5 April 2001 (05.04.2001) 



PCX 



(10) International Publication Number 

WO 01/23493 Al 



(SI) International Patent Classificatioii^: C09KS/04 
(21) International Application Nvmber: PCT/GBOO/03725 



(22) International Filing Date: 



(25) Filing Language: 

(26) Publication Language: 



29 September 2000 (29.09.2000) 
English 
English 



(30) Priority Data: 

9923088.0 '. 
0005043 J 

: 0010171.7'; 



30 September 1999 (30.09.1999) GB . 
2Man;h 2000 (02.03.2000) GB 
27 April 2000 (27.04.2000) GB 



(71) Applicant (for all designated States except US): RE- 

. . FRlGEilANT PRODUCTS LTD. [GB/GB]; N9 Central 

" Park Estate, Westinghouse Road, Traffprd. Park, Manches- 

? ter M17 IPG (iGB). 

; (72) Inventors; and 

I (75) Inventors/Applicants 6fcrt/Son/v;: POWELL, Richard 

\ [GB/GB]; 9 Sadlers Wells. Bunbury, Cheshire CW6 9NW 

I (GB). POOL, John, Edward [GB/GB]; Wynthorpe, 

■ Murieston Road, Hale, Altrincham, Cheshire WA15 

I 9ST (GB). CAPPER, John. Derek [GB/GB]; 45 Grove 



Mount, Davenham, Northwich, Cheshire CW9 8LY (GB). 
THOMAS, James, Victor [CA/C A]; 247 Howe Avenue, 
Fall River, Nova Scotia B2T 1H7 (CA). 

(74) Agent: BROWNE, Robin, Forsythe; Urquhan-Dykes & 
Lord, Tower House, Merrion Way, Leeds LS2 SPA (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA, BB, BG, BR, BY, BZ, CA, CH. CN. CR, GU, CZ. 
DE, PK, DM, IXZ, EE, ES, Fl, GB, GD, GE, Ori; GM. HR, 
HU, ID, EL, IN, IS, JP, KE. KG, KP, KR, kz, LG. LK, LR, 
LS, LT,LU,LV,MA,MD.MG,MK,Nfl*, MW,MX, MZ, . 
NO, NZ, PL, PT, RO. RU, SD. SE, SG, SI, SK, SL. TJ, TM, 
TR, TT, TZ, UA, UG, US, IXZ. VN,' YU, ZA; ZW. . 

(84) Designated States (regional): ARIPG patent (GH, GM, 
KB, LS, MW, MZ, SD, SL, SZ, 12, UG, ZW), Eurasian 
. patent (AM, AiZ, B Y, KG, KZ, MD, RU, TJ, TM), Euixjpean 
patent (AT, BE. CH, CY, DE, DK, ES, FR, GB, GR, IE, 
It, LU. MC, NL, PT, SE), OAPI patent (BF, iBJ, CF, CG, 
a. CM, GA, GN. GW, ML, MR, NE; SN.TD, TG). 

Published: 

^ With international search report. 

For two-letter codes and other abbreviations, refer, to the "Quid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. - 



^ ■ ■ 

r^ . . .; - / . ; .. ; ■ ' _ , - , , : ... • . . . .... .. " . - ' ' 

i—( (54) Title: R 22 REPLACEMENT REFRIGERANT - ' . ^ 

O 

^ (57) Abstract: A refrigerant composidon coinprisihg a hydrofluorocarbon component including l,l,l,2rtetrafluoroethane (HCFC 
1 34a),:the composition further comprising an additive selected from a saturated hydrocarbon or mixture thereof boiling in tte range 
-5 to+70°C. ' . ; ; ■ .: . 



wo 01/23493 



PCT/GB0()/O3725 



R 22 REPLACEMENT REFRIGERANT 

This invention relates to a refrigerant particularly but not exclusively for air 
conditioning systems. The system relates especially to refrigerant compositions which 
have no adverse effect on the atmospheric ozone layer and to compositions which can be 
added to existing refrigerants which are compatible with lubricants commonly used in 
refrigeration and air conditioning systems. The invention also relates to a method of 
modifying refngeration and air conditioning systems. 

Chlorofluorocarbons (CFCs) eg CFG 11 and CFC 12 are stable, of low toxicity 
and non-flammable providing low hazard working conditions used in refrigeration and air 
conditioning systems.; When released they permeate into the stratosphere and attack the 
ozone layer which protects the environment from damaging effects of ultraviolet rays. The 
Montreal Protocol, an International environmental agreement signed by over 160 
countries, mandates the phase-out of CFCs according to an agreed timetable. This now 
includes hydrpchlorofluorocarbons (HCFCs) which also have an adverse effect on the, . 
ozone layer. 

> R 22 is a chemical fluid jmd by far the largest HCFC refngerant used globaU 
refrigeration and.air conditioning equipment. R 22 has an Ozone Depletion Potential 
(ODP) of approximately 5% of CFC 11. After CFCs have been phased out, the chlorine 
coiitent of R 22 will make it the largest ozone depleting substance in volumetric temis. R 
22 is also the subject ofa phase-out schedule under the Montreal Protocol. R22is 
prohibited from use in new equipment in some countries. 

Any replacement for HGFC 22 must have no ability to deplete ozone. The 
compositions of the present invention do not include chlorine atoms and consequently they, 
will have, no deleterious effect oh the ozone layer while providing a similar performance as 
a working fluid to R 22 in refrigeration apparatus. 

Various terms have been used in patent literature to describe refrigerant mixtures. 
These may be defined as follows: • 

Zeotrope: A fluid niixture whose vapour and liquid compositions are different at 
a specified temperature. - 
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;,• . -■' ■■■ ■2-,.:. ■ .. " . 

•■ Temperature glide: If a zeotropic liquid is distilled at constant pressure its 
boiling point will increase. The change in boiling point from the beginning of the 
distillation until the point when a liquid phase has just disappeared is called the 
temperature glide. A glide is also observed when the saturated vapour of a zeotrope is 
condensed at constant pressure. • 

Azeotrope: A fluid mixture of specified cornposition whose vapour and liquid ■ 
compositions are the same at a specified temperature. . Strictly speaking a flmd mixture 
which is an azeotrope iinder for exarriple evaporator conditions, cannot also be an 
azeotrope vmider the condenser conditions. However the refrigeration literattire may - 
describe ainixture as azeotropic provided that it meets the above definition at some 
temperature within its working range. ' 

Near-azeotropes: A blend wliich boils over a small temperature range, that has a 
small temperaturie glide. 

. Retrofit refrigerant mixture: A non-chlorine-containing mixture used to replace 
completely the brigiriai CFC or HCFC refrigerant. . - 

Ejrtender refrigerant mixturer A non-chlorine^containingrnixtu during 
servicing to the HGFC refrigerant remaining in a Unit, that is a top up refrigerant to make 
good any leakage. 

Hermetic compressor: A compressor where the,electric motor is in the sariie 
totally welded casing as the compresson The motor is cooled by the refrigerant vapour 
returning to the compressor. The heat generated by the motor is removed through the 
condenser. • . 

Seml-herraetlc compressor: Similar to a hermetic compressor, the major ] 
difference being the casing has a bolted joint which can be opened, to enable the motor and 
compressdir to beserviced. . " ■' 

Open compressor: A compressor which is driven by an external motor via a 
drive shaft passing throtigh the compressor casing. The motor heat is dissipated directly to 
the environment, not via the condenser. This results in a slightly more efficient 
performance than a hermetic cpmpressor, but refrigerant leaks can occur at the shaft seal. 

Percentages and proportions referred to in this specification are by weight unless 
indicated otherwise. Percentages and proportions are selected to total 100%. HFC and, ' 
HCFC refrigerant compounds are referred to below by the letter R. 
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According to a first aspect of the present invention a refrigerant composition 
comprises 1,1,1 ,2-tetrafluoroethane (Rl 34a), pentafluoro ethane (R 1 25) and an additive : 
selected from a saturated hydrocarbon or mixture thereof boiling in the range -5 to +70°Ci 
wherein the of weights of R 125 and R 134a are in the ranges: 

R125 . , V 50-80% " 
R134a 50-20% : ■ • 

: The cprapositions may be used as retrofit refrigerant mixtures. The composition 
' may "also be used as extenders as discussed below. The compositibiis may be used in ■ 
semi-hermetic and hermetic systems. 

The preferred weights of R125 to R 134a are in tile ranges:! 
\ . , R 125 60-80% . " 

■/ ;R 134a ;• . 40-20% . ■ " ';. ., 

A more preferred range is: \ 

- : R;i34a ■ 40-22% ■ : ; / 

A most preferred range is: . . 

: R 125 64-76% : , 

R134a , 34-24% 

These ranges are preferred for hermetic and serai-hermetic sys^^^^ 
composition may also be used ih an open system. The preferred weights in an open system 
are in the ranges: 

. R125 ■ 57-78% : ; .. 

-R134a 43-22%. 

A more preferred range is; . 
: R125 ' 63-76% . - J ; 

R134a 33-24% 

The proportion of R 1 25 used in an open system may be up to 1 0%, preferably 4 
to 5 % higher than in a hermetic or semi-hermetic system. 

In a first aspect of this invention no other refrigerant may be included in the 
mixture. In a second aspect, suitable for use as an R 22 extender, an additional refrigerant 
R 32 may be added. 



Wq 01/23493 



PCT/GBOO/03725 



Preferred hydrocarbons additives are selected from the group consisting of: 2- 
methylpropane, 2,2rdimethylpropane, butane, pentane, 2Tmethylbutane, cyclopentane, 
hexanc, 2-methylpentane, 3-methylpentane, 2,2rdimethylbutane and methylcyclopentane. 
The hydrocarbon additive preferably has a boiling point in the range 20 to 40°C. Use of 
n-pentane, cydopentane, iso-pentane and mixtures thereof is preferred. Use of n-pentane, 
isopentane or mixtures thereof is especially preferred. Commercially available samrated 
hydrocarbon mixtures are available from cydopentane commercial grade from Phillips 
Petroleum International Nyj Norpar ''5 S n-pentane from Exxon Chemical and iso-pentane 
Qlll l from Shell Chemicals. 

- Relative proportioris ofthepentane arid biitane components may be selecte 
give a total pf 0.2 to 5% of the compositioris, prefeirably 2 to 4%, more preferably 3 to 4%. 
An amoimt of pentane, preferably isopentane of 0.2 to 2% may be used together with a 
corresponding amoimt of 4.8 to 3% of butane in a composition containing a total of 5% 
hydrocarbon. In compositions with less than 5% hydrocarbon, for exarhple 1% or 4%, 
relatively larger ratios of butane : pentane inay be ernployed to minimise hydrocarbon ■ 
build'-up on ieaiage. FlanmiabiHty risks are therefor^e reduced. 

According to a second aspect of the present invention a refrigerant extender 
mixture comprises a composition in accordance with the first aspect of this invention. 

According to a third aspect of this invention a refrigerant composition comprises 
a composition in accordance with the first aspect of this invention together with R 22. . 
This invention also provides a method of modifying a refiigerator or air conditioning 
system incorporating R 22 as refrigerant, the method comprising the step of adding a 
composition in accordance with the second aspect of this invention to the refrigerant of the 
■ system. , • ■ ,,. 

Positive displacement compressors, that is reciprocating or rotary conipressors, 
used in refrigeration systems suck in small amounts of lubricant from the crank case which 
are ejected with the refrigerant vapour through the exhaust valves. In order to maintain 
compressor lubrication this dil must be forced around the circuit by the refrigerant stream 
and returned to the crank case. CFC and HCFC refrigerants are miscible with hydrocarbon 
oils and hence carry the oils around the circuit. However HFC refrigerants and 
hydrocarbon lubricants haye low mutual solubilities so effective oil return may not occur. 
The problem is particularly acute in evaporators where low temperatures can increase the 
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viscosities of oils sufficiently tp prevent them being carried along the tube walls. With 
CFGs and HCFGs enough refrigerant remains in the oil to reduce the viscosities to enable 
oil return to occur. 

When using HFGs with hydrocarbon lubricants oil return can be facilitated by 
introducing into the system a hydrocarbon fluid having the followirig properties: 

(a) . sufficient solubility in the lubricant at the evaporator teniperature to 
reduce its viscosity; and , • 

(b) sufficient volatility to allow distillation froni the hot lubri 
compressor crank case. '; . . ■ v ' 

Hydrocarbons fulfil these requirerrients. 
■ , Refrigerant compositions in accordance with this invention confer several 
advantages. R 125 has fire suppressing characteristics. The presence of R125 suppresses 
the flaihraability of the refrigerant mixture. The higher HFC content enables more n- : 
pentane to be added to the mixture thereby improving the solubility properties of tiie 
mbcture with traditional lubricants, for example mineral and alkyl benzene oils. 

The present invention may confer _a number of benefits in cohiparison to R 22 
including zero ozone depletion, lower discharge temperature, and higher capacity. 

[ \] The present invention may confer a number of benefits in comparison to the HFC 
replacement R407C including superior hydrocarbon oil return, better motor cooling in 
hermetic compressors, lower discharge temperature and lower discharge pressure; 

The invention is fiirther described by means of examples but not in any limitative 
sense. ■ ■■ ■ ' - ' . i ; ; ■ ■' ■ 

EXAMPLE 1 . ' ■ •■ .• 

The performances of five R125/R13.4a/pentane compositions were evaluated 
using standard refrigeration cycle analysis techniques" in order to assess their suitability as 
retrofit replacements for R22 in hermetic or semi-hermetic systems. The operating 
conditions, used for the analyses were chosen as being typical of those conditions that are 
found in air conditioning systems. Since the blends were zeotropes the midpoints of their 
temperature glides in the evaporator and condenser were chosen to define the temperature 
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hmits of the cycle. The same temperatures were also used to generate performance data for 
R22. 

The pentane was present at 4% by weight based on the total weight of the 
Rl25/R134a blend. To simplify the calculation this small amount of pentane was omitted. 
The following refrigerant compositions were subjected to cycle analysis: 



1. Acompositioncompnsing44% R125: 56% R134a 

2. A composition compnsmg 56% R125: 44% R134a 

3. A composition compnsmg 64% R125: 36% Rl34a 

4. A composition comprising 76% RI25: 24% R134a 

5. A composition compnsing 80% Rl 25: 20% R 1 34a 

The following cycle conditions were used in the analysis: .: 



COOLING DUTY DELIVERED 10 kW 

EVAPORATOR • 

Midpoint fluid evaporation temperature 7.0 "C 

Superheating . S.O°C 

Suction line pressure drop (m saturated temperature) 1.5 °C 

CONDENSER 

Midpoint fluid condensing temperature 45.0 "C 

Subcooling . 5.0° 

Exhaust line pressure drop (m saturated temperature) 1.5 °C 

LIQUID LINE/SUCTION LINE HEAT EXCHANGER 

Efficient 0.3 
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COMPRESSOR ' . 

Electric motor efficiency . 0.85 

Compressor isentropic efficiency . , " . 0.7 

Compressor volumetric efficiency . 0:82 

V PARASITIC POWER ■ •• V 

Indopr fen ' ^ ' . '' ■ ' 0.3 kW 

Outdoor fan . • 0:4 kW 

Controls ■ ' ^ ,^ : 6.lkW 



: The results of analysing the performances in an air-conditioning unit using these 
operating conditions are shown in Table 1. For comparison the performance of R22 is also 
shown,' ; '. ■,' 

AU compositions have lower ejdiaust temperatures th^ 
superior on this account. However composition 5 is not preferred because the esxhaust .; 
pressure is more than 2 bar above that of R22; Composition 1 is unacceptable because the 
refrigerant capacity is less than 90% of that of R22. The o verall perfonnances of 
compositions 2, 3 and 4 meet the criteria set out above and.therefore satisfy'ttie 
requirements of this ihventioii. • ' . =, . ' 

EXAMPLE 2 

The perfpniiances of five R125/'Rn4a/pentane composition 
using standard refrigeration cycle analysis techniques in order to assess their suitability as 
retrofit replacements for R22 in open systems. The operating conditions, used for the . 
analyses were chosen as being typical of those conditions that are fourid in airrcpnditioning 
.systems. Since the blends were zeotropes the midpoints of their teniperature glides in the 
evaporator and condenser were chosen to define the temperature limits of the cycle. The 
same temperatures were also used to generate performance data for R22. 

The pentane was present at .4% by weight based on the total weight of the 
R125/RI 34a blend. To simplify the calculation this small amount of pentane was omitted. 

The following refrigerant compositions were subjected to cycle analysis: 
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1. 



A composition comprising 44% R125: 



56% R134a 



2. 



A composition compnsing 56% R125: 
A composition compnsing 64% R125: 



44% R 134a 



3. 



36% R 134a 



4; A composition comprising 76% R125: 24% R134a 



The following cycle conditions were used in the analysis: 
COOLING DUTY 
EVAPORATOR 

Midpoint fluid evaporation temperature , 
Superheating 

Suction line pressure drop (in saturated temperature) ' 
CONDENSER 

Midpoint fluid condensing temperature 

Subcoohng . 

Exhaust Ime pressure drop (m saturated temperature) 

LIQUID LINE/SUCTION LINE HEAT EXCHANGER ■ 
Efficiency 

COMPRESSOR : 

Electric motor efficiency 

Compressor isentropic efficiency 

Compressor volumetric efficiency - 

PARASITIC POWER , 
Indoor fan ■• - 

Outdoor fan - - 

Controls - 



10 kW 



7.0 "C 
5.0 "C 
1.5 "C 



45.0 "C 
5.0 °C 
1.5 fC 



0.3 



0.85 
0.7 
0.82 



0.3 kW 
0.4 kW 
0.1 kW 



5. 



A composition comprising 80% R125: 



20%R134a 
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The results of analysing the peffomiances in an air-conditioning unit using these 
operating conditions are shown in Table 2. For comparison the performance of R22 is also 
shown. 

All compositions have lower exhaust teinperatures than R22 and are therefore 
superior on this account. However composition 5 is unacceptable because its exhaust, 
pressure is more than 2 bar above that of R22. Compositions 1 and 2 are unacceptable 
because their refrigerant capacities are less than 90% of that of R22. The overall 
performances of compositions 3 arid 4 rfieet the criteria set out above and therefore satisfy 
the requirements of this invention. 

EXAMPLES . ■ 

The performances of five R125/R134a/pentane compositions were evaluated 
using standard refrigeration cycle analysis techniques the in order to assess their suitability 
- as retrofit replacements for R22 in hermetic or senii-henrietic systems not fitted with a 
liquid line/suction line heat exchanger. The operating conditions, used foi-;the analyses 
were chosen as being typical of those conditions that are found in air conditioning systems. 
Since the blends were zeotropes the midpoints of their temperature glides in the evaporator 
and condenser were chosen to define the ternperature limits of the cycle. The same 
temperatures were also used to generate performance data for R22. .. 

The pentane was present at 4% by weight based on the total weight of the 
R125/R134a blend. To simplify the calculation this small arnount of pentane was' omitted. 

The following refrigerant compositions were subjected to cycle analysis: • 



1. 


A composition comprising 44% Rl:25: 


56% ■R134a 


2. " 


A composition comprising 56% Ri25: 


44% 


R134a 


3. 


A composition comprising 64% RI25: 


36% 


R134a 


4. 


A composition comprising 76% R125: 


24% 


R134a 


5. 


A composition comprising 80% R125: 


20% 


Ri34a 



The following cycle conditions were used in the analysis: 
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COOLING DUTY 10 kW- 
EVAPORATOR 

Midpoint fluid evaporation temperature 7.0 °C 

Superheating - 5.0 "G 

Suction line pressure drop (m saturated temperate 1.5 °C 

CONDENSER . , ^ - 

Midpoint fluid condensing temperature " 45.0 "C 

Subcoolmg A ■ 5.0°C 

Exhaust line pressure drop (in saturated temperature) 1.5 "C 

COMPRESSOR • 

Electric motor efficiency , 0.85 

Compressor isentropic efficiency 0.7 

Compressor volumetric efficiency 0.82 

PARASITIC POWER 

Indoor fan 0.47 kW 

Outdoorfan ' 0.26kW 

Controls 0.1 kW 



The results from analysing the performances in an air-conditioning unit using 
these operating conditions are shown in Table 3. For comparison the performance of R22 
is also shovk^n. 

•All compositions have lower exhaust temperatures than R22 and are therefore 
superior on this account. However composition 5 is imacceptable because its exhaust 
pressure is more than 2 bar above that of R22. Compositions 1 and 2 are unacceptable 
because their refrigerant capacities are less than 90% of that of R22. The overall 
performances of compositions 3 and 4 meet the criteria set out above and therefore satisfy 
the requirements of this invention. 
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EXAMPLE 4 

The performances of two R125/R134a/pentane compositions were evaluated, 
tising standard refrigeration cycle analysis techniques in order to assess their suitability as 
extenders for Ri2 iii hermetic or semi-hermetic systems. The operating conditions selected 
for the analyses are typical of those conditions found in air coiiditioning systems. Since 
the blends w;ere zeotrbpes the midpoints of their temperature glides in the evaporator and 
condieiriser were chosen to diefine the temperature limits of the cycle and were also used to 
generate the performance of R22 for comparison. 

■ The pentane was present at 4% by weight based on the total weight of the - 

R125/R1 34a blend. To simplify the calculation this small amount of pentane was omitted. 
The foUowing R22 extender compositions were subjected td cycle analysis: , 

1. - ' A cbmppsition comprising 64% Rl 25: 36% R134a. . . ' 

2. A composition comprising 44% R125: 56% R134a. 

To establish the effects on unit performance resulting from successive dilutions of 
R22 by the above extenders the cycle was analysed for refrigerant cornpositions containing 
mass fractions of R22 from 1.0 down to O.O; The results are summarised in Tables 4a and 
4b. Key parameters are plotted in Chart 1 with the calculated points cbrmected by smooth 



curves. 



The foUowiiig cycle conditions were used in the analysis: 



COOLING DUTY 



10 kW 



■ EVAPORATOR . 



Midpoint fluid evaporatiori temperature 
Superheating 

Suction line pressure drop (in saturated temperature) 



7.0 °C 



5.0 °C 



1.5 "C 
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CONDENSER 

Midpoint fluid condensing temperature . 45.0 °C 

Subcooling 5.0 °C 

Exhaust line pressure drop (in saturated temperature) 1.5 "C" 

LIQUID LINE 

Electric motor efficiency 0.85 

Compressor isentropic efficiency - 0.7 

Compressor volumetric efficiency 0.82 

PARASITIC POWER - 

Indoor fan 0.3 kW 

Outdoor fan . 0.4 kW 

Controls 0.1 kW 



All compositions have lower exhaust temperatures than R22 and are therefore 
superior on this account. 

Composition 1 provides a coolmg capacity greater than 90% of that of R22 over 
the whole of the dilution range. Blends containing more than 45% R22 have capacities . 
equal to or better than that of R22. The COP (system) is withm 2% of that of R22 over the 
whole of the dilution range. This composition therefore meets the requirements of this 
invention. ^ 

Composition 2 provides a cooling capacity greater than that 90% of R22 for 
blends containing down to 20% of R22. Its COP (system) is essentially the same as that of 
R22 over the whole of the dilution range. This composition therefore meets the 
requirements of this invention for blends containing down to 20% R22. 

EXAMPLE 5 , 



An R32/R134a/pentane composition was evaluated using standard refrigeration 
cycle analysis techniques to assess its suitabihty as an extender for R22 in hermetic or 
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semi-hermetic systems. The operating conditions selected for the analysis are typical of 
those conditions found in air conditioning systems. Since the blend was a zeotrope the 
midpoints of its temperature glides in the evaporator and condenser were chosen to define 
the temperature limits of the cycle. The same temperatures were also used to generate 
performance data for R22. 

The pentane was present at 4% by weight based on the total weight of the 
R32/RI34a blend. To simplify the calculation this small amount of pentane was omitted. 

The following R22 extender composition was subjected to cycle analysis: 
A composition comprising 44% R125 by weight, 56% by weight R134a. 

To establish the effect on unit performance resulting from successive dilutions of . 
R22 by topping up with the above extender the cycle was analysed for refngerant 
compositions contaimng mass fractions of R22 from 1.0 down to 0.0. The results are 
shown in Table 5 and the results plotted out in Chart 2 with the calculated points 
connected by smooth curves. 

. The following cycle conditions were used in the analysis: 



EVAPORATOR 



Midpoint fluid evaporation temperature 
Superheating 

Suction line pressure drop (in saturated temperature) 



:7.0 -C 



5.0 °e 



1.5 °C 



CONDENSER 



Midpoint fluid condensing temperature 
Subcooling . 
Exhaust line pressure drop (in saturated temperature) 



45.0 °C 



5:0 "C 



1.5 "C 



LIQUID LINE/SUCTION LINE HEAT EXCHANGER 
Efficiency 



0.3 
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COMPilESSOR 



Eleclnc motor efficiency 
Compressor isentropic efficiency 
Compressor volumetric efficiency 



0.85 



0.82 



0.7 



PARASITIC POWER 



Indoor fan 



0.3 kW 



Outdoor fan 



0.4 kW 



Controls 



0.1 kW 



All blends containing the extender havclower exhaust temperatures than R22. and 
therefore meet the requirements of this specification. The COP (system) is essentially 
equal to that of R22 over the whole of the dilution range. The cooling capacity of the 
refrigerant is not less than 98% of that of R22 over the whole of the dilution range. . For 
dilutions down to 20% of R22 the capacity is equal to or greater than that of R22. The 
exhaust pressure is less than the 0.5 bar above that of R22 over the whole of the dilution 
range. 

The results of analysmg the performance of an air-conditionmg unit using these 
operating conditions are shown in Table 5. 

R32/R1 34a 30/70 therefore meets the requirements of this invention. . 

EXAMPLE6 

An R32/R125/R134a/pentane composition was evaluated using standard 
refrigeration cycle analysis tccliniques program to assess its suitability as an extender for 
R22 in hermetic or semi-hermctic systems. The operating conditions selected for the 
analysis arc typical of those conditions found in air conditioning systems. Since the blend 
was a zeotrope the midpoints of its temperature glides in the evaporator and condenser 
were chosen to define the temperature limits of the cycle. The same temperatures were also 
used to generate performance data for R22. 



wo 01/23493 



PCT/GB00/0372S 



• . rl5-;- .. ■ ■ • 
The pentanc was present at 4% by weight based on the total weight of the 

R32/R134a blend. . 

To simphfy the calculation this small amount of pentane was omitted. 

The following R22 extender composition was subjected to cycle analysis: 

A composition comprising 23% by weight of R 32, 25%R1 25 by weight and 52% 

by weight Rl 34a. 

To establish the effect on unit performance resulting from successive dilutions. of 
R22 by topping up with the above extender the cycle was analysed for refrigerant 
compositions containing mass fractions of R22 from 1 .0 down to 0.0. The results are 
shown in Table 6 and the results plotted out in Chart 3 with the calculated points 
connected by smooth curves.' .' 

The foUowmg cycle conditions were used in the analysis: 



EVAPORATOR 

Midpoint fluid evaporation temperature 7.0 "C ' 

Superheating 5.0 °C 

Suction line pressure drop (in saturated temperature) .. 1.5 "G 

CONDENSER 

Midpoint fluid condensing temperature 45.0 °C. 

Subcooling . 5.0 -C 

Exhaust line pressure drop (in saturated temperatiure) 1.5 "C 

LIQUID LINE/SUCTION LINE HEAT EXCHANGER . 

Efficiency - 0.3 
COMPRESSOR 

Electric motor efficiency • . . 0.8 

Compressor isentropic efficiency • , - 0.7 

Compressor volumetnc efficiency , . _ 0.82 
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PARASITIC POWER 

Indoor fan .. • 0.3 

Outdoorfan - 0.4kW 

Controls ■ - O.IkW 

' The results of analysing the perforrnance pf an air-conditioni^^^^ 
operating conditions are shown in Table 6. 

All blends containing the extender have lower exhaust temperatures than Ril and 
therefore meet the requirements of this specification. The GOP (system) is not less than ■ 
98% of that of R22 over the whole of the dilution range. The cooling capacity of the 
refrigerant is greater than of that of R22 over the whole of the dilution range. The exhaust ■ 
pressure is less than the 2.0 bar above that of R22 over the whole of the dilution range. 
. R32/R134a iri the ratio 30/70 therefore 

EXAMPLE 7 . . 

Refrigerant compositions comprising R 125, R 134a and hydrocarbon mixtures in 
commercial heat pump applications were assessed using a Comfort Aire model PHEGt60- 
la 5 ton rooftop heat pump with a nominal cooling capacity of 56,000 btu and nominal 
' heating capacity of 56,000 btu. An oil sight-glass was installed on the hermetic 
compressor and temperature sensors were installed on the suction and discharge lines and 
on the liquid line. Suction and discharge gauges were, ajso instaiie^^ 

The system was operated in both the cooling aiid heating mode with R 22 and the 
following data was recorded: voltage, amperage, suction pressure, suction temperature, , 
discharge pressure, discharge temperaturej liquid line temperature, evaporator temperature, 
ambient temperature, oil level arid return supply air temperature. The R 22 charge was 
recovered and replaced successively with blends 1 to 6 of the following compositions. . 



wo 01/23493 



PCT/GBOO/03725 



-17- 





R-125 


R-I34a 


Pentane 


Isopentane 


Butane 


Blend #1 


64% 


34% 


2% 






Blend #2 


70% 


28% 


2% ■ 






Blend #3 


55% 


43% 


2% 






Blend #4 


60.5% 


37.5% 


2% 






Blend#5 


45% 


52%. 




1% 


2% 


Blend #6 . 


55% 


42% 




1% 


2% 



It was observed that oil return was similar to R 22 operating levels with all of the 
blends employed, indicating that pentane and isopentane/butane additives provided proper 
oil return. Some blends required addition of up to 20% refrigerant to prevent icing of the 
eVaporator. Capacities were found to vary with the composition employed. The energy 
consumption was generally lower with all blends. Discharge pressures were slightly 
higher on average with blends that exceeded 60.5% R 125 and lower with blends 
containing less than 60.5% R 125. The suction pressures and discharge temperatures were 
lower with all blends used. The superheat measured at the evaporator outlet was much " 
higher than R 22 and the temperature difference across the evaporator was generally , 
greater in the cooling mode and less in the heating mode. It was noted that pentane ahd 
isopentane/butane additives provided the necessary oil return. Blends #3, 5 arid 6 provided 
the closest similarities to R 22 operatidiial temperatures and pressures. , . 
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CLAIMS 

1 . A refrigerant composition comprising 1,1,1 ,2-tetrafluoroethane (R 1 34a), 
pcntafluoroethane (R 125) and an additive selected from a saturated hydrocarbon or 
mixture thereof boihng in the range -5 to +70°C; wherein the weights of R 125 to R 134a 
IS in the ranges: 

R125 50-80% 
R134a 50 - 20% 

2. A refngerantcompositionas claimed inclaim i, wherein the weight's are 
in the ranges: ■ . . 

R125 '60-80% 
R134a 40-20% 

3. A refngerant composition as claimed in claim 2, wherein the weights are 
in the ranges: . 

R125 60-78%. 
R134a 40-22% 

4. A refrigerant composition as claimed in claim 3, wherein the weights are 
in the ranges: • 

RI25 -64-76% 
R134a 36.24% : 

5. A refrigerant composition as claimed in claim 1 , wherein the weights are 
in the ranges: 

R 125 57-78% 
Rl34a 43 -22% 

6. A refrigerant composition as claimed in claim 5, wherein the weights are 
in the ranges: 

R 125 63 -76% . ■ 

R134a 37-24% 
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7. A refrigerant composition as claimed m any preceding claim, wherein the 
hydrocarbon additive is selected from the group consisting of 2-mcthylpropane, 2,2- 
dimethylpropane, butane, pentanc, 2-methylbutane, cyclopentane, hexane, 2- 
methylpentane, 3-methylpentane, 2,2-dimethybutane, methylcyclopentane and mixtures . 
thereof. . . 

8. A refrigerant composition as claimed in any preceding claim, wherein the 
hydrocarbon additive has a boiling point in the range of 20 to 40''C. 

9. A refrigerant composition as claimed in claim 8,. wherein the 
hydrocarbon additive is selected from: n-pentane, cyclopentane, iso-pentane and mixtures 
thereof. 

10. ; A refrigerant composition as claimed in claim 9, wherein the 
hydrocarbon additive is n-pcntane. 

11. A refrigerant composition as claimed in claim 9 or 10, wherein the 
-additive further comprises butane. - 

12. A refrigerant compositions as claimed in claim U, wherein the ratio of 
pentane : butane is 1 : 3 to 1 : 8, preferably about 1:5: 

13. A refrigerant composition as claimed in any preceding claim, wherein the^ 
amount of hydrocarbon additive is from a trace to 10%. 

14. A refrigerant composition as claimed in claim 13, wherein the amount of 
hydrocarbon additive is 1 to 8%. ■ . 

15. Arefrigerantcomposition asclaimedmclaim 14, wherein the amount of 
hydrocarbon additive is 2 to 4%. ■ • • 
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16: A refrigerant composition as claimed in any of claims 1 to 15 together 
with a proportion of R 22. 

17. A refrigerant extender mixture compnsing a refrigerant composition as 
claimed in any preceding claim. . 

18. A method of modifying a refrigerator or air conditioning system which 
incorporates R 22 as refrigerant, the method comprising the step of addmg a refrigerant ■■ 
extender as claimed in claim 17 to the refrigerant of the system. 

19. Use of a refrigerant composition as an extender to R 22, wherein the 
hydrofluorocarbon component compnses R 32, R 125 and R 134a wherein the ratio of 
weights of R 32, R 125 and R 134a are in the ranges: 

R32 18-28% 
R.125 • 20-30% 

' R134a 42-62% 
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TABLE 7 



COMMERCIAL ROOF TOP HEAT PUMP 5 TON 





R-22 


BLEND 1 


BLEND 3 


BLENU 4 


BLENDS 


BLEND 6 


BLEND 7 


WT% COMPOSinON 




64/34/2 


70/28/2 


55/43/2 


60.5/37.5/2 


45/52/1/2 


55/42/1/2 


















COOLING MODE 
















ADDITIONAL REFR. REQ'D 




.9 ICG 


.9 KG - 


NONE 


.9KG : 


NONE 


NONE 


















SUCTION PRESSURE 


448 


3.3 ; 


3.37 


3.03 


3.45 


2.69 


3.1 


SUCTION TEMPERATURE 


18 


22 


19.4 


27 


20 


22 


21.7 


DISCHARGE PRESSURE 


13.1 


13.5 


13.17 


12.68 ■ 


12.42 ■ 


11.25 


12.42 


DISCHARGE TEMP. 


90 


80 


73 


SI 


72 


76 


76 


HQ.LINETCMP. 


31 


29 


26 


32 


26 


26 


26 


AMBIENT TEMPERATURE 


22 


24 


21.7 , 


26 


21.2 


22 


■22 


OILLEVEL 


10.gCM 


10.8 CM 


10.8 CM 


10.8 CM 


10.8 CM 


1018 CM 


10.8 CM 


AMPERAGE • 


22.27 


19.86 


19.64 


17.7? 


19.06 


16.13 


17.83 


VOLTAGE 


200 


201 


199 


200 


199 


203 


200 


EVAPORATOR TTEMP. 


7.2 


3.9 


2.2 


4 


5 


1.7 


2.3 


AIR TEMP. DIFFERENCE 


12.2 


17.7 


16 1 


19.7 


14.4 


173 


161 


SUPERHEAT 


9.1 


21 


19.4 


28 


20 


26 . 


23.3 


















HEATING MODE 
































SUCTION PRESSURE ' 


4.82 


4.97 


4.9 


3.6 


4.69 


3.45 


3.72 


SUCTION TEMP. 


25 


23 


23 


26- 


22 


23 


22 


DISCHARGE PRESSURE 


20.34 


25.5 


25.6 


19.3 . 


24 


17.94 


19.3 


DISCHARGE TEMP. 


120 


98 ■ 


98 


95 


94 


91 


91 


LIQ. LINE TEMP. 


32.2 


30 


30 


32 


29 


27 


26 • . 


AMBIENT TEMP.' 


24.2 


24 


22.2 


23 


22.4 


22 


20 


OILLEVEL, 


10.8CM 


10.8 CM 


10.8 CM 


10.8 CM 


10.8 CM 


10.8 CM 


10.8 CM 


AMPERAGE 


28.97 


28.08 . 


27.63 


21.9 


26.72 


20.77 


22.54 


VOLTAGE 


198 




198 


199 


198 


203 


199 


EVAPORATOR TEMP. 




36.2 . 


36.1 


36.1 


34 


32 


31 


AIR TEMP. DIFFERENCE 


U.I 


7.8 


7.8 


6.3 


7.6 . 


.7.2 


7.5 


SUPERHEAT 


NA 


NA 


NA 


NA 


NA 


NA 


NA 



















PRESSURES ARE FN BARS GAUGE PRESSURE 
TEMPERATURES ARE IN CELSIUS 

ALL READINGS ARE AVERAGES OVER SEVERAL HOURS OF OPERATION 
OIL LEVEL MEASURED IN CENTIMETRES 
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